Background Based on the sentinel node (SN) concept, function-preserving surgery with SN basin dissection (SNBD) can be performed for SN-negative early gastric cancers. Particularly, a resection area can be minimized when the SN basin and primary site are closely localized. The aim of this study was to compare probabilities of being candidates for local resection with SNBD based on tumor location among patients with early gastric cancer. Methods We retrospectively analyzed 358 patients who underwent surgery with SN mapping for gastric cancer in our institution from November 1999 to April 2014. The proportion of patients who had a localized single basin and the distributions of the SN basins and primary sites were investigated. Patients with single basin drainage excluding remote sentinel node basin were considered as candidates for local resection with SNBD. Results Of the 358 patients, 191 (53%) patients were considered eligible for local resection with SNBD. Patients with tumors located in the upper third of the stomach were more likely candidates for local resection than those with tumors in other locations (upper third, 68%; middle third, 50%; and lower third, 51%), whereas patients with tumors located in the anterior wall were less likely candidates than those with tumors other locations (anterior wall, 31%; posterior wall, 58%; greater curvature, 55%; and lesser curvature, 57%). Conclusion We found that > 50% of the patients indicated for SN navigation surgery, particularly those with tumors in the upper third of the stomach, potentially could undergo partial resection with SNBD.
Introduction
The definition of early gastric cancer (EGC) is a tumor limited to the mucosa or submucosa with or without regional lymph node (LN) metastasis [1, 2] . Currently, gastrectomy with D1 or D1 + lymphadenectomy is required to treat EGC with possible LN metastasis. However, the incidence of regional LN metastasis is 1-19% only in EGC patients [3] . Therefore, for patients with node-negative EGC, standard lymphadenectomy may be too invasive. Lymphadenectomy with gastric resection could cause a decrease in the patients' quality of life (QOL) with post-gastrectomy symptoms, such as dumping syndrome [4] and body weight loss resulting from oral intake disturbance.
Faster improvement in postoperative gastric function is expected after function-preserving gastrectomy, such as partial gastrectomy, segmental gastrectomy, and proximal gastrectomy with reduced LN dissection [5] [6] [7] [8] . We believe that the sentinel node (SN) concept is an attractive option for the provision of function-preserving surgery in EGC patients. In this concept, if there is no metastasis to SNs, which are identified by a radiolabeled colloid and/or a dye solution, the area of LN dissection can be minimized [9, 10] . This concept has already been validated by a prospective multicenter trial that included our institution [11] , and the concept of SN basin dissection (SNBD) has also been proposed by several studies [12, 13] . In general, the gastric LNs are divided into 5 SN basins along with the main gastric arteries: left gastric artery (l-GA), right gastric artery (r-GA), right gastroepiploic artery (r-GEA), left gastroepiploic artery (l-GEA), and posterior gastric artery (p-GA) [12] . The l-GA basin comprises the LN stations 1, 3a, and 7; the r-GA basin comprises the stations 3b, 5, and 8a; and the r-GEA basin comprises the stations 4d and 6. The l-GEA basin comprises the stations 4sa and 4sb, and the p-GA basin comprises the station 11p. Currently, SN navigation surgery (SNNS) with functionpreserving gastrectomy and SNBD is suggested to be safely applied to patients with cT1N0 gastric cancer with a primary lesion diameter of ≤ 4 cm [11] .
In SNNS, local resection should be indicated for patients in which the distribution of cancers, including SN basins, is localized because the broad dissection of SN basins and minimal resection at the primary site may lead to the ischemic change of a relatively large remnant stomach. In addition, local resection should be applied to patients in which the primary site and SN basin are sufficiently close to each other to remove en-bloc because the separate resection of the primary lesion and SN basin may miss possibly cancer-positive connecting lymphatic ducts. Therefore, currently, local resection with SNBD is considered to be safe in patients having a single SN basin attached to the primary site [14] .
However, the proportion of patients that are suitable for this procedure has not been investigated. In this study, we retrospectively analyzed patients who underwent surgery with SN mapping for EGC and determined the incidence and anatomical locations that are candidates for local resection with SNBD.
Patients and methods

Enrollment of patients
From November 1999 to April 2014, 545 patients who underwent surgery with SN mapping for gastric cancer at Keio University Hospital were enrolled. Patients with cT1N0 or cT2N0 gastric cancer were preoperatively indicated for surgery with SN mapping after evaluation using endoscopy and computed tomography. Clinical staging and pathological examination of tumors were performed according to the Japanese Classification of Gastric Cancer [15] as proposed by the Japanese Gastric Cancer Association and the TNM classification [16] . Informed consent for SN mapping was obtained from all the patients before surgery, and this study was conducted after obtaining the approval of the Institutional Review Board of Keio University. We excluded patients with prior endoscopic treatment, multiple lesions, ≥pT2, > 4 cm in diameter, cancer-positive SNs, or without detection of SNs.
Details of sentinel node navigation surgery
We used a dual-tracer method with radiolabeled tin colloid and dye solution as described previously [9, 17] . The day before surgery, 2.0 ml of technetium-99 m tin colloid solution (150 MBq) was injected into 4 quadrants of the submucosal layer surrounding the primary tumor lesion using an endoscopic puncture needle. The dye solution (0.5% indocyanine green or 1% isosulfan blue) was injected via intraoperative endoscopy using the same method as the preoperative injection of the radioisotopes. We detected possible SNs that were stained blue 15 min after the injection of the dye solution. Simultaneously, radioactive LNs were detected by a hand-held gamma probe (GPS Navigator; RMD Instruments, Watertown, MA, USA). LNs with radioactivity > 10x background activity and/or blue-stained LNs were finally defined as the SNs. The SNs were examined pathologically during surgery. After SN mapping, all the patients underwent D2 or modified D2 gastrectomy according to the therapeutic guidelines recommended by The Japan Gastric Cancer Association [3] .
Statistical analysis
SPSS statistics, version 24 (IBM Corporation, Armonk, NY, USA) was used to perform the statistical analyses. The differences in the categorical data between the 2 groups were evaluated by Pearson's chi square or Fisher's exact tests, and the continuous data were compared by performing the Student's t test. We considered the differences to be statistically significant at p < 0.05.
Results
The final study population comprised 358 patients. Of the 358 patients, 199 (56%) had SNs limited to a single basin. Eight patients had basins on the contralateral side of the tumors. The basins were obviously separated from the primary tumors in these patients. Therefore, we excluded these patients from the candidates for partial resection with SNBD. Finally, 191 patients (53%) with a single basin attached to the primary site were identified and were 1 3 considered eligible for local resection with SNBD. The distribution of the basins were as follows: left gastric artery, 135 (70.7%) patients; right gastric artery, 1 (0.5%) patient; left gastroepiploic artery, 5 (2.6%) patients; right gastroepiploic artery, 50 (26.2%) patients; posterior gastric artery, 0 patient (0%) (Fig. 1) . Table 1 shows the patient characteristics. We defined the patients with a single basin drainage excluding remote SN basin as the potential group. There were significant differences in the lesion locations and circumferences of the primary lesion between the 2 groups. The proportion of lesions in the upper third of the stomach was higher in the potential group than in the non-potential group (24 vs. 13%, p = 0.028). The percentage of lesions located on the anterior wall of the stomach was 9% (17/191) in the potential group and 23% (37/167) in the non-potential group, which was a significant difference (p = 0.006). There was no significant difference between the 2 groups in age, sex, pT factor, or tumor size. Table 2 shows the probability of candidates for local resection with SNBD for each location of the primary lesion. Patients with tumors located in the upper third of the stomach were more likely candidates for local resection than those with tumors in other locations (upper third, 68%; middle third, 50%; and lower third, 51%), whereas patients with tumors located in the anterior wall were less likely candidates than those with tumors in other locations (anterior wall, 31%; posterior wall, 58%; greater curvature, 55%; and lesser curvature, 57%). The probability was highest in patients with lesions located on the anterior wall of the upper third of the stomach. Among the tumors in the anterior wall, those located in the upper third of the stomach had a significantly higher probability than those located in the middle third (83 vs. 24%, respectively; p = 0.017) and those located in the lower third of the stomach (83 vs. 29%, respectively; p = 0.042). Other locations in the upper third of the stomach also had high probabilities, except those in the greater curvature side. The probabilities for lesions located in the upper third of the stomach were as follows: anterior wall, 83%; posterior wall, 69%; greater curvature, 0%; and lesser curvature, 67%. The patients with tumors in the greater curvature of the lower third had a higher probability (71%) as well.
Discussion
The purpose of this study was to clarify potential EGCs for local resection with SNBD according to lesion location. We demonstrated that 53% of the SNNS patients were potential candidates for local resection with SNBD. Patients with tumors located at the upper third of the stomach were more likely candidates than those with tumors in other location (upper third, 68%; middle third, 50%; and lower third, 51%).
To the best of our knowledge, this is the first report to investigate factors predictive of potentially beneficial treatment for local resection in SNNS. There are various options of primary tumor resection in SNNS [8] . Among them, full-thickness partial resection can minimize the resection area according to lesion size and is an ideal type of limited surgery [18] [19] [20] . However, it is assumed that wide resection cannot be avoided depending on the distribution of basins because of concern about necrosis of the remnant stomach. Nevertheless, our results suggested that local resection could be beneficial for more than half of patients in SNNS, which provides sufficient support for function-preserving surgery based on the SN concept.
Our results showed that the l-GA basin was present in 70.7% of the 191 patients with SNs limited to single basin attached to the primary tumor. As reported by Tokunaga et al. [21] , the major lymphatic drainage routes of the stomach were associated with l-GA and r-GEA. In addition, they described the lymphatic regions covered by l-GA and r-GEA overlapped in the middle and lower third of the stomach [21] . The lymphatic regions covered by l-GA or r-GEA and not overlapping each other, which almost coincided with the location considered to be a good indicator in the present study, e.g., the upper body except the greater curvature was covered by only l-GA and the greater curvature in the lower body was covered by only r-GEA. On the other hand, patients with tumors at regions covered by both l-GA and r-GEA, such as the tumors located at the anterior wall in the middle and lower bodies and the lesser curvature in the lower body could not be considered good candidates. The tumors located at the greater curvature in the middle and lower third of the stomach has been considered suitable for partial resection with SNBD because it was relatively easy to perform partial resection and basin dissection without nerve injury [8, 9] . However, our results showed that > 50% of the patients with tumors located at the greater curvature in the middle body failed to become candidates, with one reason being that SNs of tumors at the greater curvature in the middle body tended to be detected not only in the r-GEA basin but also in the l-GEA basin. The l-GEA basin was detected in 39% (12/31) of these cases, whereas the patients with tumors located at the greater curvature of lower body did not have SNs in the l-GEA basin at all. Furthermore, the l-GA or r-GA basins were identified in 32% (10/31) of the cases with tumors located at the greater curvature in the middle body.
Laparoscopic endoscopic cooperative surgery (LECS) is an ideal full-thickness partial resection technique [22, 23] . This technique makes it possible to minimize the extent of gastric resection by visualizing a demarcation line of the lesion from the inside of the lumen endoscopically. With the aim of avoiding the risk of iatrogenic dissemination, several approaches have been proposed, such as inverted LECS [24] , non-exposed endoscopic wall-inversion surgery [14, [18] [19] [20] 25] , and a combined laparoscopic and endoscopic approach for neoplasia with a non-exposure technique [26] .
Comparison between standard gastrectomy with lymphadenectomy and function-preserving surgery with SNBD has been recently reported [27, 28] , although these studies did not include cases with these procedures. However, the feasibility of these procedures for gastric submucosal tumors and gastric cancer has been demonstrated previously [8, 19, 24, 29] . SNNS-based function-preserving and limited surgery is expected to be more effective by using local resection techniques, such as these methods; however, there may be some technical limitations. Clinical validation of efficacy and safety of these procedures requires further investigation. In our study, the basins containing SNs were obviously separated from the primary tumor in 8 patients. Currently, we consider that local resection should not be performed in these patients because the primary lymph vessels that may contain cancer cells remain intact. Although there has been no evidence of recurrence from the remnant lymph duct and the possibility that cancer cells remain in the lymph vessels is extremely low in SN-negative patients, a previous report speculated that an ignorable amount of cancer cells may remain [30, 31] . Therefore, to obtain theoretically complete resection, the identified lymph vessels should be resected with the sero-muscular layer [14] . Several studies have reported how to visualize not only SNs but also lymph vessels during surgery by using indocyanine green fluorescence imaging [32] [33] [34] [35] . Therefore, the resection of lymph vessels with the sero-muscular layer would be possible technically, although the oncological significance remains unknown. To establish local resection with SNBD as an optimal procedure, future long-term observations are necessary.
There were several limitations in this study. First, this was a retrospective study in patients collected according to postoperatively diagnosed pathological findings. Second, local resection with SNBD may be technically difficult in some cases even though it is possible theoretically. Third, all lesions attached to a single basin should not always be partially resected because of possible deformity or stasis following surgery [8] . Further prospective investigation of long-term outcomes is required to determine the safety and efficacy, particularly for patient's QOL and risk of recurrence, of local resection with SNBD.
In conclusion, we found that more than half of the SNNS patients, particularly those with tumors in the upper third of the stomach, were potential candidates for partial resection with SNBD. For patients with tumors in the upper third of the stomach, avoiding total gastrectomy or proximal gastrectomy while preserving the cardiac function by local resection with SNBD is advantageous. Furthermore, the extent of residual stomach deformation after partial resection in the upper region is less. This study would not be very useful in the decision-making during surgery because actual surgery depends upon the intraoperative SN status even if surgeons preoperatively know this information. However, the present study showed that the location of tumors could be a useful predictive factor for performing function-preserving surgery with SN navigation.
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